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The anuran fauna of tropical forest litter has been weil 
studied in v arious regions, in particular the Neotropics (Heatwole 
and Sexton, 1966 ; Sexton et al., 1964 ; Toft, 1 980 a, 1980 b, 1981 ; 
Toft et al., in press) and in the Asian tropics (Heyer and Berven, 
1 973 ; Inger and Colwell, 1977 ; Inger and Greenberg, 1966 ; Lloyd 
et al. , 1968) or comparisons of both (Scott, 1 976 ; Voris, 1977) . 
These studies reveal severa! generalizations about litter anuran 
communities. First, the communities appear structured.  For 
example, species differ ecologically, in ways consistent with 
theory, at a given si te (e .g. ,  Inger and Greenberg, 1966 ; Toft, 
1 980 a) . Moreover, differences in environmental conditions from 
site-to-site appear to explain differences in such community 
characteristics as the number of species present, their relative 
abundances, and the amount of overlap in important resources 
(e.g. ,  Inger and Colwell, 1977 ; Scott, 1976 ; Toft, 1980 b) . Second, 
within a region such as the Neotropics or the Asian tropics, 
community s tructure is apparently not a function of the specifie 
fauna from which the community is constructed (Toft, 1980 a, 
1 980 b) . At the same time, community structure differs in maj or 
ways between these regions (Scott, 1976 ; Voris, 1977) . 
Very l i t tle is known about the community ecology of litter 
anurans in the equatorial forests of Africa, a region distinct from 
the Neotropics and o ther Old World tropics. The anuran fauna 
is fairly weil known (Kno eppfler, 1967, 1982) , and sorne ecological 
studies have b een done on selected species (Cott, 1932 ; Knoepp­
fler, 1 966 a,  1 975) . Sorne community studics h ave been done on 
related faunas in other habitats in Africa (Inger and Marx, 1961) , 
but  none so far have been done on forest litter anurans. 
This paper presents results of a preliminary study of a 
community of diurnal litter anurans at Makokou, Gabon. The 
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purpose of this study is first, to describe the anuran community 
at this site, including the diets of species in the community, and 
second, to compare characteristics of the African diurnal commu­
nity with those in the New World and Asian tropics which are 
better known. The results of this study, which is a product of a 
one-time opportunity I had to go to Makokou, Gabon, can serve as 
a basis for more detailed and definitive studies of litter anuran 
communities in the equatorial African forests .  
STUDY SITE 
This study was conducted at the C .N.R.S .  field station, Labo­
ratoire de Primatologie et d'Ecologie Equatoriale, at Makokou, 
Gabon. The study area was in relatively undisturbed rainforest 
adj acent to the station clearing at  500 rn elevation. The area 
receives an average of 1 700 mm of rainfall annually in a distinct 
seasonal pattern ; there are four seasons, maj or and minor wet 
and dry seasons, respectively (see Hladik 1 978 for more details) . 
This study was conducted in late October and early November 
1975, during the minor dry season directly following the maj or 
wet season. 
METHODS 
Frogs were censused daily from 0800 ho urs to 1300 hours 
in the rainforest for a total 11 census-days. In each sample, I 
walked slowly along a narrow forest trail, disturbing the leaf litter 
with a long pole for approximately 1 /2 rn on each side of the 
trail ; the distance covered varied daily but averaged approxi­
mately 2 000 m. Because the rainforest area was homogeneous 
and leve!, I could see no reason, a priori, to distinguish areas 
of the forest floor and tried to sample at  random. No census route 
was repeated exactly twice, though a few overlapped in part of 
their length. This method provides a convenient, but semi-quan­
titative estimate of frog abundance. I t  probably tends to under­
estimate the true density of anurans, but this bias should be less 
important in areas with lower densities of anurans. I t  also is 
biased toward discovering more active species, and thus may 
underestimate sorne species relative to o thers. We used a similar 
technique on Barro Colorado Island, Panama, where densities of 
anurans are also very low, and these estimates compared very 
weil with those from 6 rn X 6 rn intensive plot censuses conducted 
in the same areas as the transects (Toft et  al., in  press) . 
Frogs observed on the transects were collected and preserved 
as soon as possible in 10 % formalin. Identifications (Appendix 
1) and measurements of the standard snout-vent length and of
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mouth width at  the angle of the j aws were taken for each frog. 
Stomach contents were sorted to 10 general taxonomie categories 
and 10 logarithmic size categories.  1 later combined prey types
into four categories for analysis : ants, orthopterans, isopterans, 
and miscellaneous arthropods. Ants and orthopterans were used 
as separate categories because of their importance in the diets 
of Neo tropical litter anurans (Toft, 1980 a, 1981 ) .  
T o  measure overlap i n  diet, 1 used a1i of Pianka (1973)
� Pia Pju
Uij = --;:::_====== 
(� Pia2) (� Piu2)
i i 
(1) 
where Pa is the proportion of resource a in the diets of species
i and j respectively. This is a symmetrical measure of overlap 
and it does not incorporate availabilities of prey in the environ­
ment .  In this study, 1 use a1i only to quantify the degree of
similari ty in di e t  among species. Values range from 0 wh en 
species share no common prey items, to 1 when the diets of two 
species are identical.  \Vhen 1 compare overlap in prey type and
prey size simultaneously, 1 calculate a1i as the product of the sepa­
rate a1/s for prey size and prey type respectively. This method is 
appropriate when resource dimensions are independent (May, 
1973) ; œsults of studies of Neotropical litter arthropods indicate 
that arthropod length is fairly independent of the prey type cate­
gories used in this study (Toft and Levings, 1979) . The niche 
breadth measure is  tha t  given by Levins (1968) 
(2) 
and again does not incorporate prey availability. The species 
diversity index used is the Simpson (1949) measure : 
Ds = l/� p;2
i 
(3) 
where p1  is  the p roportion of the i th  species. This measures gives 
an equivalent of the number of equally abundant species, and 
thus measures relative equitability of species' abundances. 
RESULTS 
Four species of anurans were active diurnally in the forest 
litter during the p eriod of study : Arthrolepfis sylvatica, Cardio­
glossa leucomystaa·, Phrynobatrachus batesi (Ranidae) , and Bufo 
camerunensis (Bufonidae) . Two of these, A. sylvatica and P. batesi, 
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were considerably more common than the olher two (Table 1) ,
resulting in a species diversity index of 2.42.  
TABLE 1
Numbers of lifter anurans sampled per day at  Makokou,  Gabon .  
Species T o t a l  ( ± SE) 
Arthrolept is sylvat ica 1 7  1 .  3 3  o .  7 2
Bufo camerunensis 0 . 1 7 0 . 11 
Card iogl ossa leucomy s t ax 0 . 1 7 0 . 17 
Phrynob a t rachus b a t e s i  10 0 . 83 0 . 21 
Prey types. The composition of ali species' diets differed  
significantly (Table II ; r.:·, p <  <0.001) .  The  diets of  B. cameru­
nenûs and C. leucomystax, while based on moderate numbers of
prey, were taken from only two individuals of e ach species ; thus 
any generalizations 1 make about  the diets of these two species
must be so qualified. Ali species ate ants to sorne extent.  
However, except for B. camerunensis , termites compo sed the 
largest proportion of prey items.  Correspondingly, the overlap 
in prey types among A. sylvatica, C.  leucomystax, and P. batesi 
TABLE II 
Proportions of prey types in the diets and niche breadth (B.) 
of litter anurans, Makokou, Gabon : Ants, orthopterans, isopterans 
and miscellaneous arthropods.  
Sample aize Proport ions 's 
Speciea Prey Ante Ort . let . M . A .  
1 7  389 . 10 . 0 1  . 8 5  . 05 1 . 37 
!• camerun ensh 69 . 78  . 22 1 . 5 2  
f ·  leucontyi tax 42 . 10 • 76 . 14 1 . 63 
10 429 . 05 . 04 . 54 . 37 2 . 33 
are relatively high, and those of B. camerunensis with the other 
species low (Table III A) . P. batesi ate a wider variety of prey 
types than did the other species (Table Il) . 
Prey size . Mean size of prey taken by each individual is 
also significantly correlated with mouth width (r = 0.7, n = 31,  
p < <0.001) when individuals of ali  species are considered a t  once. 
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TABLE III 
Overlap ( aii) in the diets of litter anurans at Makokou, Gabon.
Species j 
Species i A. sylvatica B. camerunensis C. leucomystax P. batesi 
A .  Prey type 
0 . 12 0 . 99 0 . 85 
!_. camerunens is 0 . 17 0 . 22 
f_.l eucomys tax 0 . 91 
B. Prey s ize 
0 . 81 o. 99 0 . 99 
!• camerunensis 0 . 81 0 . 84 
f_. ll!ucomystax 0 . 99 
C .  Prey type x size 
0 . 10 0 . 98 0 . 84 
.!· camerunensis 0 . 14 0 . 18 
.f. leucomys tax 0 . 90 
However, within species, prey size is not significantly correlated 
with body size. Overlap in prey size is usually near 1 for these 
species, so that overlap among species with respect to bath dimen­
sions of prey type and size is very similar to that of prey type 
alone (Table III B, III C) . 
TABLE IV 
Size of litter anurans (mouth width in mm) and prey (mm) ,
and numbers of prey per stomach . 
Hou t h  Width Prel S O.ze Numbers of Pre� / S t omach 
Species x ( ±SE) x (±SE) (±SD) x (±SE) CV 
A· syl va t ica 7 . 1  ( 0 . 4 )  1 . 3 9  (0 . 02) ( 0 . 29) 22 . 9  (4 . 4 )  81 
!· camerunens is 23 . 0  ( 6 . 0) 2 . 00 (0 . 07 )  ( 0 . 57 )  34 . 5  (29 . 5 )  121 
f· leuc om�s ta x 10 . 5  (0 . 5) 1 . 39 (0 . 05) (0 . 32)  21 . 0  ( 13 . 0) 88 
!· batesi 13 . 9  ( 0 . 6 )  1 . 54 (0 . 02) ( 0 . 31) 45 . 9  (16 . 6 ) 114 
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Prey number. Average number of prey per stomach in these 
four species ranged from 20 to 50 prey items (Table IV) . P. batesi 
has the greatest variation in number of prey per stomach, as 
indicated by both the standard error, which is independent of 
sample size, and the coefficient of variation, which is independent 
of the mean. 
DISCUSSION 
Species abundance and diversity .  
This study was conducted in the shorter dry season. Studies 
of litter anurans elsewhere (Scott, 1976 ; Toft, 1980 a, 1980 b ; 
Toft et al. ,  in press) reveal considerable seasonal variation in both 
the density of litter anurans and the number and diversity of 
species present .  However, there is no generalization on what 
may occur in a given season. In smne areas, anurans are more 
abundant and diverse in the dry season, paradoxically perhaps 
(Toft, 1980 b ; Toft et al. ,  in p ress) , o thers during the wet (Scott, 
1976 ; Toft, 1980 a) . I expect that  the abundance or the diversity 
or both, of litter anurans at Makokou change during the year. 
With the qualification of possible seasonal change and 
transect bias, some generalizations can be m ade about the litter 
anurans at Makokou relative to areas in the Neotropics and the 
Asian tropics. First, the density of anurans at Makokou seems 
low relative to wet areas in the Neotropics, though this obser­
vation is an impression rather than weil demonstrated by the 
transect method of censusing anurans. Anuran density at  Mako­
kou appears comparable to that on Barro Colorado Island, where 
density is lower than wet areas in the Neotropics, and where both 
the transect and plot census methods were used to census anurans 
(Toft et al. , in press) . Second, the number and diversity of 
species at Makokou also are low relative to wet areas of the 
Neotropics, and are comparable again to the drier areas of 
Panama, in particular Barro Colorado Island which may have 
a lower diversity yet because it is an island (Toft, 1 980 b) . 
Others (Heyer and Berven, 1 973 ; Scott, 1 976 ; Voris, 1 977) 
have also observed, in comparisons of the New W orld and A sian 
tropics, that Neotropical forests tend to have higher abundance 
and diversity of anurans, once corrections are made for rainfall 
and elevation. This study suggests that litter anuran communities 
in the African tropics are more similar to those in o ther Old 
W orld tropics th an they are to th ose in the New W orld. 
Resource partitioning and overlap. 
The Iitter anurans at Makokou overlapped considerably in 
diet, at !east during the study p eriod ; overlap in both prey type 
and especially prey size was over 0.5 and often close to 1, with
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termites being the most common shared food item. Bufo came­
runensis was least  similar to the others in both prey type and 
size, e ating a higher proportion of ants and tending to be larger 
than any of the o ther species ; though based on only two indivi­
duals, these results are probably accurate because species of 
Bufo the world over commonly eat  high proportions of ants 
(Bragg, 1 957 ; Inger and Marx, 1961 ; Lescure, 1965, 1971 ; Taft, 
1980 a,  1 981 ) . Inger and Marx (1961 ) found, similarly to this 
study, that prey size and body size of African frogs tend to be 
correlated  between but  not within, species. This lack of corre­
lation is probably due to the small variation in body size in the 
sample of species taken in their study and this one. 
All species present in the litter are apparently searching 
foragers. The large number of prey per stomach exhibited by 
these species are characteristic of species that forage actively 
and constantly (Toft, 1980 a, 1981) . Also, ants and termites, which 
do not escape quickly and which are often clumped because they 
live in nests, are typically prey of searching foragers, at least 
in frogs (Toft, 1980 a ,  1981 ) ,  though this correlation may not 
be true in other gronps such as lizards (Pianka and Pianka, 1970) . 
Species that are ambush foragers and specialists on large arthro­
pods such as orthopterans were missing from this s.tudy, while 
they are present in others (Inger and Marx, 1961 ; Toft, 1980 a, 
1981 ) .  However, seasonal variation or bias in the transect method 
may be responsible for this observation. 
Of  the two most common species, and those for which 1
have the largest samples of prey, P. batesi appears to be more 
of a generalist than A .  sylvatica despite the high overlap in their
diets .  In addition to its greater niche breadth, P. batesi seems 
to be an opportunistic feeder that goes after clumped prey of 
a variety of types. An examination of the raw data reveals 
great  between-individual variation in both the number and type 
of  prey in the stomach, with, for example, one individual eating
more than a hundred termites at once, another the same number 
of larvae, and so on. ln contrast, the individual variation in
A .  sylvatica is much less, with most individuals having a typical 
number of termites per stomach. The larger standard error and 
coefficient of variation in number of prey per stomach of P. batesi 
corroborate these observations .  
Neither the overlap nor the niche breadth measures incor­
porates availability of prey in the environment. Lack of such 
information may greatly alter conclusions about both niche 
breadth and overlap among species (Petrai tis, 1979 ; Schoener, 
1974) . Resource availability, however, may be difficult to measure 
at Makokou,  where sp ecies eat high proportions of termites ; 
termites often occur in galleries or nests and may only become 
available when these are disturbed or broken. As a result, 
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methods of sampling litter arthropods randomly m ay not estimate 
availability of termites with the same accuracy as arthropods that 
live in the open leaf litter. 
CONCLUSIONS 
This study presents evidence that the community of diurnal 
litter anurans in the African tropical forests m ay be more similar 
in structure to th ose in other Old W orld tropics than those in the 
Neotropics . It also suggests that  the community at  Makokou 
differs from any o ther litter anuran community thus far studied 
in the large proportions of termites eaten by ali species, resulting 
in high overlap in diet among species in the community.  Howe­
ver, this study does not present any information on resource 
availability or seasonal change in either anurans or resources ; 
such information could greatly alter the conclusions of this study. 
SUMMARY 
Four species of litter anurans, A rthrolepti.s sylvatica ,  Cardio­
glossa leucomystax, Phrynobatrachus batesi (Ranidae) and Bufo 
camerunensis (Bufonidae) , are active diurnally in the leaf litter 
during the minor dry season in an equatorial tropical forest near 
Makokou, Gabon. Abundance and diversi ty of litter anurans is 
low here (as is also true of o ther Old World tropics) relative to 
wet continental areas of the Neotropics, but  comparable to that 
in the dry seasonal forest on Barro Colorado Island, Panama. 
Ali  species are apparently searching foragers which eal ants and, 
except for B. camerunensis, termites. Similarity in diet among 
A. sylvatica, C.  leucomystax, and P. batesi is high, as indicated 
by a conventional niche overlap measure. P. batesi, however, 
is more of a generalist, as indicated by both its greater niche 
breadth (Levins, 1968) and higher between-individual variation 
in diet. 
RESUME 
Quatre espèces d'anoures, Arthroleptis sulvatica, Cardioglo.�sa 
leucomystax, Phrynobatrachus batesi (Rani dae) et Bufo cameru­
nensis (Bufonidae) sont actives pendant la  j ournée dans la  litière 
de feuilles de la forêt des environs de  Makokou, Gabon, pendant 
la petite saison sèche. L'abondance et la diversité des anoures 
de la litière sont faibles dans cette localité, comme d'ailleurs dans 
les autres régions tropicales du Vieux Monde, comparativement 
à la situation qui prévaut dans les tropiques humides continen­
taux américains .  Elles sont, p ar contre, voisines des valeurs obser­
vées dans la forêt sèche saisonnière de l ' île de Barro Colorado, 
- 230 -
à Panama. Toutes les espèces d'anoures de la  litière forestière 
de Makokou se nourrissent activement de fourmis et (B. cameru­
nensis excepté) de termites.  Le régime d'A . sylvatica, de C. leuco­
mystax et de P. batesi est très voisin, comme l'indique la mesure 
du  chevauchement de leurs niches. P. batesi, cependant, est plus 
« généraliste » que les autres espèces, comme l'indiquent sa plus 
grande largeur de niche (Levins, 1968) et sa plus forte variabilité 
inter-individuelle de régime.  
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APPENDIX 
1 provide here catalogue numbers of the voucher specimen s deposited in the 
herpetological collection, Museum of Natural Hi story, The University of Kansas, 
Lawrence, Kansas 66045 . 
HANIDAE 
Arthroleptis sylvatica 
Cardioglossa lezzcomystax 
Phrynobatrachus ba tesi 
BUFONIDAE 
Bufo cam erunensis 
KU 1 7 1 762-80 
l W  1 7 1 782-83 
K U  1 7 1 784-92 
K U  1 7 1 7 6 1 -62 
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